The burdens of malnutrition, protein and micronutrient deficiency, and obesity cause 12 enormous costs to society. Crop nutritional quality has been compromised by the emphasis on 
3 of 26 carrying sugary-1. However, they lack the creamy mouthfeel and some of the aromatics associated 73 with older sweet corn cultivars [3] . Thus, an heirloom may represent flavors and culinary qualities 74 associated with specific, old cultivars and may thus represent an important heritage.
75
Heirloom cultivars are also associated with seed saving, and in fact the generation to generation 76 transfer of heirloom seed is often one of the defining features of a heirloom. Navazio [4] commented 77 that the post-World War II era in the USA saw a major transition in agriculture where more and 78 more farmers were willing to purchase seed every season from seed companies. Prior to that time,
79
farmers were heavily involved with producing their own seed, and with selecting and maintaining 80 good seed stock. As farmers began purchasing seed annually from seed companies, heirloom 
91
"culturally or historically linked to a specified region, locality, ethnicity, or traditional production 92 practice."
93
Heirloom cultivars are a part of the farming system in many regions of the world. For example,
94
southern Appalachia is an area of high crop biodiversity in the USA where many heirloom cultivars 95 remain. Veteto [5] documented 134 heirloom cultivars that were still being grown in the region in a 96 recent survey. He found that even though one or two individuals in a community were usually 97 involved in maintaining significant numbers of heirloom cultivars, many communities had lost their 98 heirloom vegetable cultivars. He found that both the decline of the farming population and the lack 99 of cultural continuance in family seed-saving traditions were likely responsible for this loss.
100
Among the problems associated with heirloom cultivars is their susceptibility to pathogens. In 101 many cases, modern breeding has helped to improve host plant resistance; thus, it is not surprising 102 that heirloom cultivars may lack resistance to important pests. Heirloom tomato production can be 103 limited by soilborne diseases such as bacterial wilt and fusarium, caused by the pathogens Ralstonia 104 solanacearum and Fusarium oxysporum f.sp. lycopersici, respectively. One of the creative approaches to 105 this problem was discussed by Rivard and Louws [6] , who grafted heirloom scions onto resistant 106 rootstock. In naturally infested soil, bacterial wilt incidence for nongrafted 'German Johnson' was 107 79% and 75%, but had no symptoms of bacterial when grafted onto the resistant genotypes CRA 66 108 or Hawaii 7996. Fusarium wilt incidence was 46% and 50%, respectively, in nongrafted and 4 of 26 A debate is occurring as to whether modern cultivars are less nutritious than their heirloom 113 counterparts. Barker et al. [7] examined differences in mineral nutrient concentrations between 114 modern F1 hybrids and heirloom cultivars of cabbage, and also looked at fertilization practices with 115 either organic fertilizer and compost or conventional fertilizers. Crop production increased with 116 conventional or organic fertilizers compared to compost. Mineral nutrient composition did not vary 117 between modern or heirloom cultivars or among different fertility practices; however, the authors 118 did find cultivar differences for nutrient concentration. The fact that mineral nutrient content did not 119 vary between modern and heirloom cultivars is important in that it runs counter to popular press 120 articles that suggest the nutritional quality of our food supply is decreasing. Flores et al. [8] 121 examined carotenoid levels of traditional tomato cultivars. They found substantial amounts of 122 variation for many carotenoids in colored fruit from these traditional cultivars, suggesting new 123 opportunities for breeding. There is little doubt that heirloom cultivars contain reservoirs of useful 124 traits, including those that might be able to contribute to improved human nutrition. 
128
Stuffer' and a wild species of tomato. They found three QTL that influenced fruit shape and seven
129
QTL that influenced fruit mass; many of which had already been identified in other tomato mapping 130 research. They were able to pinpoint an allele at fs8.1 that caused convex locule walls that were 131 responsible for the extended, bumpy shape characteristics of the pepper fruit in 'Yellow Stuffer. ' 
132
They surmised that the evolution of bell pepper-shaped tomato fruit may have proceeded through 133 mutations of some of the same genes that led to bell pepper-type fruit in garden pepper.
134
Heirloom potatoes offer unique flavors and qualities that are sought by consumers. Production 135 of these heirloom types is, however, not well understood in the context of modern farming systems.
136
Fandika et al.
[10] investigated how irrigation and nitrogen management might be best employed in 137 heirloom potatoes. They found that modern cultivars were more responsive to irrigation and 138 nitrogen than heirloom potatoes. Interestingly, they found that higher applications of nitrogen 139 decreased the yield of heirloom potato cultivars whereas yields of modern cultivars were increased.
140
Heirloom cultivars were more drought tolerant, but required larger water inputs because of later 141 maturities. Overall conclusions of this study suggested that production of heirloom types could be 142 more expensive than modern cultivars.
143
Interest in seed saving continues to grow in many parts of the developed world, perhaps as a 144 response to the increasing consolidation of the global seed industry and a desire for more local 
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Navazio [4] stated that the seed "is a reflection of the farming system as it is grown, cultivated, 163 selected, and fully incorporated into that system." In this way, heirloom cultivars represent a 164 farming system that considers and prizes traits of long-term interest to the farmer and consumer, the 
212
Seed production begins with the developer of the new cultivar, who often retains the original 213 breeder stock that may be further used as the "golden standard" for such a cultivar and as source for 214 the foundation stock [26] . The next step is producing registered seed for distribution to licensees, 215 who produce certified seed, which is the last stage of large-scale seed production. Organic farming 216 standards asks further for using organically produced seed, unless lacking them for target crop.
217
Certified organic seed should be only grown in certified organic soil using same inputs as per in 
233
The Millennium Ecosystem Assessment Reports state that 60,000 to 100,000 species of plant are 234 currently threatened with extinction [28] . It is apparent that some of these species play critical roles 235 in agricultural and natural ecosystems, and serve as reservoirs of important genes that could play a 236 role in crop breeding. Hence, this reduction in plant biodiversity is a significant global concern.
237
One traditional practice that may improve the current state of crop genetic diversity is seed 
243
From the point of view of crop genetic diversity, revitalizing the practice of seed saving may be,
244
however, viewed as vital for the world's sustainable food production and nutritional security.
245
There are several seed-saving projects, in addition to 1700 ex-situ genebanks worldwide 
326
The production and sale of heirloom cultivars are interdependent in local market, suggesting that 
350
The indigenous farmers in Mesoamerica domesticated bean, maize and squash, famously called 
488
titrable acidity (TA), TSS:TA ratio, flavor intensity and ascorbic acid concentration [72, Fig. 1 ].
489
Clearly, heirloom cultivars across crops, as noted above, maintain unique diversity, and can serve as 
499
However, heirlooms cultivars possess great diversity in fruit and seed size, shape and appearance, 500 may often be superior in culinary and nutritional quality, and possess a rich source of many health 501 promoting compounds. Thus, improving the productivity while retaining the culinary, nutritional,
502
and health promoting compounds of heirloom cultivars is a great challenge for future plant breeding aroma as of 'KN3' was also released for cultivation in eastern Uttar Pradesh [86] .
513
Spaniards highly appreciate 'Ganxet' bean, which is a landrace adopted in the Iberian Peninsula 
533
Intensive breeding of crops with a focus on yield and stress tolerance has indirectly led to 
560
These efforts are not directed solely at heirloom cultivars that possess unique culinary 561 attributes. Instead, they are trying to capitalize on the connection between the cultivar and the user 562 of that cultivar that is celebrated with many heirlooms, but with cultivars that have been selected for 563 modern cropping systems. Thus, the goal is to combine the satisfaction of heirloom cultivars with 564 the modern traits needed for high intensity farming, often in organic systems.
565
Part of the impetus for these efforts is the realization that many plant breeders must necessarily
566
focus their efforts on commodity markets. In so doing, they often need to place greater emphasis on 567 traits such as postharvest storability, harvestable yield, and host plant resistance to pathogens. There 568 was little question that such traits were of great importance for crop production. But breeders also 569 recognized that improving specific culinary qualities was possible but often may not be as high on 570 the priority list as those traits that deliver the productivity the market requires. 
648
productivity, but simultaneously reduced genetic diversity in our major crops. As our farming 649 systems become more industrialized and our climate becomes more erratic, enhancing, rather than 650 shrinking, our crop genetic diversity will be critical for feeding the world's growing population.
651
Recent efforts to characterize, preserve, and enhance heirlooms abound, bringing these unique types 
657
Heirloom cultivars are also most closely associated with organic and sustainable farming 658 systems, and typically do much better in such conditions compared to modern, industrialized 659 farming systems. As sustainable farming systems gain in popularity in the developed world, the 660 genetic diversity present in heirloom cultivars may become even more important. However, we 661 realize that modern farming systems will continue to dominate many sectors of world agriculture.
662
One of the most important breeding objectives going forward will be therefore to improve the 663 productivity of heirloom types while retaining their unique qualities.
664
A number of groups have expanded their efforts to preserve traditional heirloom cultivars that 
